INTRODUCTION
Diamond is very interesting and important material both for science and industry applications. Diamond is broadly employed as an anvil material (such like as a diamond anvil cell: DAC) for high pressure science experiments because of its hardness. However, there are still unknown issues over the pressure of DAC compression limit (~ 350 GPa). Strong shock wave with intense laser irradiation can reveal the unknown properties in carbon phase diagram [1] [2] [3] [4] [5] at ultra-high pressure.
There has been many works on shock-compression of diamond beyond the pressure of 1 TPa [6] .However, most of works were done with single shock compression on its principal Hugoniot curve. In this paper, we present recent experimental results on shock compression of diamond foils under ultra-high pressure with intense laser. We irradiated the diamond foils with shaped laser pulse in order to create low isentrope conditions below the Hugoniot temperature.
EXPERIMENTAL CONDITIONS
Experiments were done on GEKKO-XII/HIPER irradiation facility at Institute of Laser Engineering, Osaka University [7] . The GEKKO-HIPER facility has 12 beams which irradiates planar target from one direction. The main advantage of its irradiation configuration is excellent spatial uniformity of the drive laser. Another advantage is that it is possible to create shaped laser pulses with time delay between the individual beams [8] .
We irradiated single crystal diamond foils (Type-Ib) of 50 µm thickness with (100) surface orientation. In order to protect from preheating, gold (Au) coating of 5 µm was applied on the laser-irradiated surface. Typical pulse shape of this experiment is shown in figure 1 . The basic design of the experiment is to reach the pressure of over 1TPa at the peak compression. The drive pulse shape was nearly four-stepped pulse to produce multiple shock. The peak laser intensity was (1~2.5) × 10 14 W/cm 2 . The total pulse duration and the spot diameter were 6 ns and 300 µm, respectively. Test calculations were done with one-dimensional radiation hydrodynamic code ILESTA-1D [9] . Flow diagram of the compressed diamond is also shown in figure 1 . The calculation results suggest that the peak shocked temperature is 2000 -3000 K at the pressure of over 1TPa whereas the shocked temperature is 20000K for single shock compression. This implies that it is possible to reach post-diamond phase (BC8 structure) with the shaped laser pulse irradiation. Figure 2 shows schematic view of the experimental setup. The main diagnostics for the experiments is based on optical measurements. We employed two VISARs (velocity interferometer system for any reflector [10] ) in order to observe the reflectivity and the rear surface velocity after the shock breakout. One of the VISARs was very "insensitive" one mainly for reflectivity observation. The probe light of the VISARs was second harmonics of the YAG laser (λ: 532 nm). We also measured the rear surface temperature with streaked pyrometer with spectrograph [11] . The detection threshold of the pyrometer was 6000K.
In addition to the optical observations, x-ray diffraction measurements [12] were done in the same data shots. We placed an x-ray source target (Cu) for the diffraction measurement. The diffracted x-ray was meas- 
RESULTS AND DISCUSSIONS
Raw streaked VISAR images are shown in figure 3 for (a) without aluminium coating at the rear surface and (b) with aluminium coating (~ 0.05 µm) at the rear surface. From figure 3(a) it is shown that strong reflection from the Au surface is seen in early time. The reflection then decreases due to shock transit between the interface of Au and diamond. After that, the weak reflectance still remains from the rear diamond surface because there was no anti-reflection coating at the rear surface. Phase shifts are seen when the first and second shock (~ 0.9 TPa) breaks out the rear diamond surface. After the phase shift, the fringes are gone when the third and fourth shock (~ 2.5 TPa) broke out at the rear surface. The shock breakout timing from the VISAR measurements is in good agreement with calculation with ILESTA-1D simulation.
From figure 3(b) , it is seen that clear fringes from the rear Al surface prior to the shock breakout. However, phase shifts and very strong reflectance was observed where the first and second shock (~ 0.9 TPa) breakout at the rear surface. The peak laser energy for figure 3(b) data is smaller (~ 1.5 TPa) than that that for figure 3(a) data. The strong reflectance might be due to several reasons (phase change, melting, etc), but still under discussion. The measured temperature with the pyrometer was under the detection threshold (~ 6000 K).
We also measured the crystal structure of the shock compressed diamond. Since there was a lot of x rays from the laser-irradiated surface, however, we could not obtain simultaneous observation data for high-pressure compression region. Figure 3 shows the diffraction data for a "without drive" shot. Clear "static" diffraction curves of many orientations were observed. Moreover, we also observed some shifted curve in there. This is because some soft x-ray components directly irradiated the rear surface of the diamond foil. The x-ray irradiation heated up the diamond, which lead the expansion (decompression) and weak shock compression of the diamond crystal. Figure 3(b) shows the diffracted curve for (400) surface of the diamond, which is parallel to the surface orientation. The decompression ratio was approximately 1%, which shows ~ 4300K from the coefficients of thermal expansion for standard ambient pressure and temperature. Since the coefficients of thermal expansion increases with temperature, the temperature should be below the melting point of the diamond (~ 3500K). The data also implies some stress shifts due to compression by the x-ray driven shock wave. This is very interesting for understanding the elastic-plastic (E-P) transition of the diamond. We are planning to take data at less pressure region for the E-P transition by the laser-driven shock.
CONCLUSION
We have started the experiments on shock compression of single crystal diamond with the shaped pulse laser. We measured reflectivity of the diamond the VISAR. The fundamental hydrodynamics of the shock propagation is in good agreements with the 1-D ILESTA simulation calculation. The strong reflectance implies the phase change, but still needed more data for further understanding. We also started simultaneous measurements of optical diagnostics and x-ray diffraction. Preliminary data suggests that this technique is very powerful tool for understanding the shock-compressed diamond at high-pressure phase with intense laser irradiation.
